Abstract. Experiments were conducted to examine the growth and development of oil palm Elaeis guineensis Jacq. (Magnoliophyta: Arecaceae) seedlings subjected to shading, irrigation regimes and mycorrhizal inoculation in the dry season. Treatments were 2 x 2 x 2 factorial combination consisting of shade and no-shade (open sun), 7 and 14 day irrigation intervals and mycorrhizal inoculation or noninoculation. Seedlings that were grown under shade and irrigated weekly produced highest number and length of fronds, and shoot, leaf and frond weights in addition to taller plants compared to open sun (unshaded) seedlings. Across irrigation treatments, un-shaded seedlings had lower weights of leaf, frond and shoot biomass. The effects of shade treatments were significant on plant height and frond length from 2 to 20 weeks after planting. The seedlings irrigated fortnightly produced longer roots compared with the unshaded and weekly irrigated. Fortnight irrigation enhanced root development compared with weekly irrigation. Shading and weekly irrigation significantly enhanced soil moisture contents and seedling water use efficiency compared with the unshaded. Shaded seedlings irrigated weekly used larger amount of water compared with fortnight irrigation. Significant interactions were obtained between shade and irrigation regimes for most of the growth parameters measured. Mycorrhizal inoculation, shaded and weekly irrigated seedlings were more vigorous compared with the unshaded and noninoculated.
Introduction
The oil palm Elaeis guineensis Jacq. (Magnoliophyta: Arecaceae) is a perennial monocotyledonous plant which belongs to the Family Arecaceae. It originates from West Africa (Corley, 2009 , Omoti, 2001 . The pulp and nut that provide palm oil and kernel oil, respectively, make oil palm a high yielding oil-producing crop (Henderson and Osborne, 2000) . At present, palm oil production is second only to that of soybean oil in terms of world vegetable oil production and the demand for palm oil is expected to increase in future (Ho et al., 2007; Yusof, 2007; Corley, 2009; Bateman et al., 2010) .It is an evergreen crop that may be used to conserve the environment. Palm oil accounts for 21% and 47% of the global oil and fats production and trade. Malaysia is the world's largest palm oil producer (84%) while Indonesia is the largest exporters (Corley and Tinker, 2003) . Corley and Tinker (2003) stated that Nigeria was once the largest producer of palm oil but lost her position to the Far East producers like Malaysia. In recent years, Nigeria produces about one-tenth of the Malaysia output. Omoti (2001) hinted that the annual production of oil palm in Nigeria is 960,000 tonnes per year and this is consumed within the country, Omereji (1995) confirmed that Nigeria imports palm oil as local demand is over 1 million tonnes annually. Compared with major oilseed crops (soyabean, rapeseed and sunflower), oil palm is considered the most environmentally friendly with respect to land and energy use efficiency and productivity, and inputs of fertilizers and pesticides and pollution potential. It contributes positively to climatic change effects through effective carbon sequestration and it is not a genetically modified plant. The oil obtained from processed fruits of the oil palm plant called palm oil, is an important food and a major source of lipids.
The oil palm is allogamous and is propagated via seeds. Healthy oil palm seedling is a pre-requisite for a successful establishment of plantation in the field. In the nursery the production of oil palm seedlings covers a period of twelve months from the date the germinated seeds are planted to when seedlings are ready for field planting. Transplanting of oil palm seedlings to the field is usually done at the onset of the rains (NIFOR, 2009) .
However, the effect of mycorrhizal inoculation on growth and drought tolerance of oil palm is yet to be assessed. The mutualistic association sets up a strategy to improve the nutritional status of both partners, the fungi receive fixed carbon compounds mainly in the host plant, whilst the plant benefits from the association by increased nutrient uptake especially phosphate (Ezawa et al., 2002) and nitrogen and water (Agele et al., 2016) .
Traditional agricultural system involves a fallow period where vegetation and standing trees are left on the farmlands (Boffa, 1999) . However increasing deforestation coupled with intensive agriculture threatens this system (Dhillion and Gusta, 2004) . These farmlands are degrading steadily resulting in loss of nutrients that can be improved with the use of arbuscular mycorrhizal (AMF) (Agele et al., 2016) that arbuscular mycorrhizal when used improved fitness and growth of plants through widespread mutualistic symbiosis between the plant and fungi of the Phylum Glomeromycota. Improved agronomic production packages are required in order to attain improvement in growth, establishment and yield of oilpalm from seedlings to fruit bearing on the field. Such packages are capable of enhancing survival oil palm of the harsh weather conditions following outplanting on the field in the dry season. This study examined the effects of irrigation and shade regimes and mycorrhizal inoculation on the growth, development and survival of seedlings of oil palm seedlings in the nursery during the dry season.
The study will generate information which will serve as useful inputs in the development and improvement of silvicultural practices required for enhanced field survival, establishment and growth of oil palm seedlings in the dry season.
The objectives of this study are to examine the effects of shade, irrigation regimes and mycorrhizal inoculation on the growth and development of the oil palm E. guineensis seedlings in the nursery and the pattern of water use by oil palm seedlings.
The main objective of the study is to evaluate the effects of densities of plantain shade (moderate and dense shades) and irrigation regimes (5 and 10 days interval) for enhancing survival, field establishment, flowering and pod production of cacao seedlings on the field.
Materials and methods

Experimental site and environmental conditions
The study was conducted at the Nursery Unit of the Nigerian Institute for Oil Palm Research (NIFOR), Benin City, Edo State, Nigeria, the Rainforest Zone of Nigeria. The average annual rainfall in the study area is 1,500 mm. The average temperature ranges between 22.5 °C to 32.8 °C, relative humidity between 62.5% and 79.1% in dry and rainy seasons, respectively. NIFOR is located between latitude 06° 33' N and longitude 05° 37' E. The average pH of the soil is 5.5 (slightly acidic). Two trials were conducted in the NIFOR main nursery during the dry season (December-April) of 2011/2012 and 2012/2013, respectively.
Preparation of substrates and sowing
Soil samples were collected from top soil under five-year fallow vegetation and were sieved to remove stones and pebbles. Black polythene bags (5,000 mL) were filled with 6 kg of the soil and arranged in rows 90 cm both in the open sun and in the shade. The drip lines were placed along the rows after ten days. Two months old oil palm seedlets (Tenera) were obtained from NIFOR pre-nursery and transplanted into the filled pot in the open sun and in the shade. Three shades measuring 6 x 6 m was constructed using bamboo sticks, while palm fronds were used to cover the top and sides. Gravity drip irrigation system was adopted using 200 L capacity bucket placed on a 1.5 m wooden stand; drippers were installed to apply water (2 L/oil palm seedling at each application). Two thermometers each were installed one in the shade and the second in the open sun for the measurement of air temperature weekly and fortnightly intervals.
Experimental design and data collection
The Data were obtained on growth parameters, pattern of leaf production and senescence, chlorophyll content of leaf tissues using SPAD Chlorophyll Meter, weekly measurement of soil moisture content using a soil moisture sensor while thermometers were installed under shade and open sun condition to measure air temperature. At the end of the experiment, 10 plants were gently uprooted and the root washed and shade dried for root measurements.
Irrigation method
Oil palm seedlings were dripirrigated weekly and fortnightly commencing from 10 days after commencement of experiment (20 days after transplanting: DAT). For both (2012 and 2013) experiments, irrigation regimes consisted of water application weekly and fortnight intervals using gravity-drip irrigation system and 2 L of water per plant at each irrigation via point source emitters of 2 L/h discharge rate which were installed on laterals per row of crop spaced 90 cm apart. Irrigation buckets were suspended on 1.5 m high stakes to provide the required hydraulic heads (IWMI, 2002; Agele et al., 2014) . There was a two-day pre-irrigation treatment (1.5 L/day) following oil palm seedling transplanting, and thereafter, the weekly and fortnight irrigation treatments were imposed.
Peak evapotranspiration (ET peak ) rate for the crop under drip irrigation treatment was estimated as:
where ET peak is peak evapotranspiration rate for the month or period, ETo is the reference evapotranspiration, for the month/period (e.g. 5.1 mm/day), P is the proportion of total land area covered by the crop leaf area (cm) which is assumed 80% (after Agele et al., 2011) .
The volume of water required per plant (irrigation requirement, I R ) was estimated as:
where En is emitter uniformity for drip irrigation system (0.94) and area per crop is 0.09 m 2 (30 x 30 crop spacing: 0.09 m 2 ).
Maximum (management) allowable deficit (MAD) for oil palm was set at 50 %. Crop evapotranpiration (ETa) was also estimated using the FAO method (Doorenbos and Pruitt, 1977; Allen et al., 1998) in the form:
where ETp is reference crop evapotranspiration and Kc is the crop coefficient (Doorenbos and Pruitt, 1977; Allen et al., 1998) .
Crop coefficient (Kc) for oil palm seedling: initial (0.43) were obtained from Allen et al. (1998) . Reference Potential evapotranspiration (ETo) values for the months from December to April were computed. Data for computing Potential evapotranspiration (ETo) was computed by the Penman-Monteith combination equation (Doorenbos and Pruitt, 1977; Allen et al., 1998) using data obtained from the agrometeorological station of NIFOR. Weather variables at site of experiment during crop growth cycle (soil and air temperatures, vapour pressure deficit (vpd), solar radiation, wind speed will be monitored from Meteorological Observatory, 500 m from site of experiment).
Data collected were subjected to analysis of variance (ANOVA). Significant treatment means were separated using the Duncan Multiple Range Test (DMRT).
Results
Effects of shade and irrigation regimes on growth parameters of oil palm seedlings
The shading treatments (open sun and shaded) significantly affected the growth characters of oil palm seedlings (P ≤ 0.05). For the 2012 experiment, seedlings grown under shade were taller than those under open sun across the period of study (shown at 2, 8, 14 and 20 weeks after planting (WAP) respectively ( Figure  1a ). At the different measurements periods, it was observed that shaded seedlings were taller at 2, 8, 14 and 20 WAP compared with the unshaded seedlings. Also frond length was also affected by shade variation (Figure 2 ). Seedlings under shade had significantly longer fronds than counterparts in the open sun at 2 and 8 WAP. As the seedlings aged there seems to be reduced variation in the number of fronds. In fact, treatment differences were not significant at 14 and 20 WAP respectively. Irrigation regime affected height and leaf (frond production) development of oil palm seedlings ( Figure  1b and 
Effects of irrigation on growth parameters of oil palm seedlings
The growth parameters of oil palm seedlings as affected by irrigation regimes are presented in Table 2 . Although, weekly irrigated oil palm seedlings were taller than those irrigated fortnightly, no significant difference was observed among irrigation regimes. Also, irrigation regimes did not significantly affect number of fronds. Fortnightly irrigation significantly increased root length (Table 2 ). However, non-significant differences were observed for total root weight, number of roots, frond length and weights of shoot and leaf. Seedlings that were irrigated weekly were taller than those grown under fortnight irrigation, seedlings irrigated fortnightly had significantly longer roots and heavier root biomass than those irrigated weekly although, values of these parameters were not significantly different. Weekly irrigation favours biomass development which was evidenced in significantly higher shoot, leaf and frond weights than those irrigated fortnightly. 
Effects of shade and irrigation on soil moisture content
Soil moisture content under shade was significantly higher than under open sun at 2, 8 and 14 WAP respectively (Figure 3a and 3b) . However, irrespective of shade treatments, there seems to be reduction in percentage soil moisture content as seedlings grow older. Weekly irrigation regime had higher soil moisture contents than fortnight irrigation regime across the measurement period (Figure 3b ). The effects of shade and irrigation regimes on the consumptive water use of oil palm seedlings ( Figure 4) showed that seedlings that were irrigated fortnightly and unshaded consumed less water than open sun. The results also showed that seedlings irrigated weekly use more moisture than those irrigated fortnightly under shaded and open sun treatments (Figure 4) . 
Effects of mycorrhizal inoculation on growth and development of oil palm seedlings
Effects of mycorrhizal inoculation on the growth parameters of oil palm seedlings are presented in Table 3 . The results showed that significant differences (P < 0.05) were obtained for leaf and root length, leaf and fond weight only. Seedlings that were inoculated with mycorrhizal fungi had shorter root, higher number and weights of roots than non-inoculated. In addition, inoculated seedlings had higher weights of shoot, leaf and frond than the non-inoculated. The results of the effects of mycorrhizal inoculation on height increase and fronds production are presented in Figure 5a and 5b. There were significant differences for height increase and frond production for the AMF inoculated and non-inoculated treatments. Mycorrhizal inoculated seedlings produced longer roots and heavier root biomass than those irrigated weekly although, values of these parameters were not significantly different (Table 4) . Interaction effects between irrigation, shade and AMF inoculation on growth of oil palm seedlings Significant interactions (P ≤ 0.05) were obtained between irrigation and shade regimes for plant height, number of fronds, frond length, root length, shoot weight, leaf weight and frond weight (Table 4) . Nonsignificant difference was obtained for root weight and number of roots. The interaction between shade and weekly irrigation significantly increased the seedling height and enhanced the number and length of fronds. The unshaded seedlings that were irrigated fortnightly had longer roots than seedlings irrigated weekly either shaded or unshaded and for fortnight irrigation plus shading. Seedlings irrigated weekly and under shade produced higher weights of shoot, leaf and fronds than those irrigated fortnightly and under in the open sun. Consistently unshaded seedlings had lower weights of shoot, leaf and frond than shaded irrespective of irrigation regimes. Significant interactions (P ≤ 0.05) were observed between irrigation regimes and shade treatment for most of the parameters measured on oil palm seedlings (Table 4) . Seedlings under shade and weekly irrigation were taller than those under open sun. Irrespective of irrigation regimes the plant heights of seedlings were not significant different from each other as long they were under the same shade treatment. The interaction between shade and weekly irrigation was significant for length of fronds. As well, root length was significantly increased by the interaction between fort for fortnight irrigation and open sun treatments. Seedlings irrigated fortnightly and under shade had heavier shoots, leaves and fronds than those irrigated fortnightly and under open sun. Consistently, seedlings under open sun had less shoot, leaf and frond weights than those under shade irrespective of irrigation regimes.
Discussion
Effects of shading and irrigation regimes on growth and development of oil palm seedlings
The results of this study showed that the measured growth variables of oil palm seedlings responded to the shading and irrigation regimes imposed. Weekly irrigation increased plant height, stem girth and number of leaves due to an enhanced status and availability of moisture in the crop rootzone. This observation is consistent with reports of Henson et al. (2005) and Majumder (2010) , who stated that when adequate water is available, plant cells remain turgid and plants retain their form and structure. The measured growth variables of oil palm seedlings were statistically superior under weekly irrigation and shading. This implies that the oil palm seedlings require consistent moist rootzone environment and modified microclimate offered by shading (Henson et al., 2007) . The oil palm seedlings that were irrigated weekly were taller than those irrigated at fortnight interval. This result further confirms how essential water is to growth and development of oil palm seedlings, a crop that is known to be very sensitive to a soil water deficiency (Henson et al., 2005; Majumder, 2010) .
Adequacy of soil moisture promotes leaf development as was obtained for seedlings that were irrigated weekly. Adequately available moisture in crop rootzone will enhance optimum plant water use (crop evapotranspiration). Adequate soil and plant water status is critical to the survival of seedlings during establishment on the field (Mimano et al., 2006) . The results of this study confirmed that oil palm seedlings cannot withstand soil moisture deficit stress as was obtained for seedlings that were irrigated fortnightly especially in the open sun. The terminal drought (dry spell) situation of the dry season is characterized by high intensity of soil and air moisture deficits and temperatures, these conditions have implications for survival and establishment of seedlings on the nursery and field. When plants grow under soil water deficit conditions, previous research had attributed poor vigour of growth to limitations of stomatal (closure) function and negative plant water status (low leaf water potential and relative water content) (Henson and Harun 2007; Oyun et al., 2010) .
Effects of mycorrhizal inoculation on growth and development of oil palm seedlings
The seedling batch that was subjected to weekly watering regime without mycorrhizal inoculation had significantly higher (P < 0.05) survival than fortnightly irrigation regime. Seedlings inoculated with mycorrhizae fungi and subjected to weekly and fortnight irrigation intervals were more vigorous going by the measured growth parameters of oil palm. Nevertheless, there were no significant differences for most of the measured parameters between weekly and fortnight irrigation for mycorrhizal inoculated seedlings.
Drought stress reduces leaf area and number of leaves in tree species (Tiaz and Zeiger, 1998; Agele et al., 2016) . Pellegrino et al. (2005) and Henson and Harun (2007) reported that leaf emergence rate as the most sensitive parameter to drought stress. Awotoye et al. (1992) reported that mild water stress and mycorrhizal inoculation enhanced growth than the non-mycorrhizal (control). The findings of the present study were similar to the report of Osundina (1995) that mycorrhizal inoculation enhanced leaf number, increased collar diameter and shoot biomass in Parkia biglobosa. The author concluded that mycorrhizal infection of plant roots brought about increases plant growth and drought tolerance. The effect of the interaction between mycorrhizal inoculation and irrigation was enhancement of growth performance of oil palm seedlings. Application of AMF supported the growth of oil palm seedlings in the nursery with more leaves, thickness of the roots. It is not out of place to say that AMF is a bio-fertilizer. The presence of AMF as black dots on roots of oil palm seedlings signifies presence of mycorrhizal hyphae, and played functional role in oil palm growth. Mycorrhizae fungi form symbiosis (mutualistic) association between plants and soil fungi. The transport of nitrate via mycorrhizal fungi hyphae to the host plant has been demonstrated preferentially under drought when nitrate diffusion in the soil is reduced. The growth of oil palm seedlings plants in this study was promoted by mycorrhizal inoculation. As observed by Agele et al. (2016) , oil palm plants inoculated with mycorrhizal exhibit superior growth which is attributable to high mycorrhizal colonization of seedling roots compared with the non-inoculated. In another study, plant height and stem diameter of coffee seedlings were significantly increased by single super phosphate fertilizer and mycorrhizal inoculation (Ibiremo et al. 2011 ) which corroborates the findings in the study. In mycorrhizal-Acacia relationships, plant responses were greater from endomycorrhizal than ectomycorrhizal inoculation (Oyun et al., 2010) .
The weekly irrigation plus mycorrhizal inoculation produced wider stem girth and greater number of leaves. The enhancement of growth characters under this treatment combination may be due to the activity of the mycorrhizal fungi in enabling the oil palm seedlings to explore a greater volume of soil for increased nutrient absorption. This is consistent with report by Ibiremo et al. (2011) that mycorrhizal inoculation increased shoot biomass of tree crops. It is probable that mycorrhizal root colonization increased the ability of the seedlings to take up nutrients which increased their vegetative growth. Levy and Kirkum (1983) as well as Read and Boyed (1986) noted that mycorrhizal inoculated plants had enhanced soil water extraction and root hydraulic conductivity. The findings from this study support earlier observations by Oyun et al. (2010) that mycorrhizal inoculation and watering twice weekly enhanced growth and seedling survival of oil palm seedlings. However, the mycorrhizal inoculated seedlings had higher chlorophyll content than the noninoculated. This infers that mycorrhizal inoculation is needed to increase chlorophyll concentration of oil palm seedlings.
Mycorrhizal inoculation enhanced oilpalm seedling growth than the noninoculated, and weekly watering of seedlings enhanced plant height compared with fortnightly irrigation. At 16 WAP, some seedlings both the inoculated and non-inoculated that were subjected to fortnight irrigation wilted while those subjected to weekly irrigation had significantly higher growth and survival in the field. However, mycorrhizal inoculated seedlings had higher growth and survival in the field than the non-inoculated. The total chlorophyll content gradually increased with the age of the seedlings. Within the same treatment, total chlorophyll content of the leaves of mycorrhizal inoculated seedlings irrigated weekly was significantly higher than that obtained from the other treatments. Based on the measured growth parameters of oil palm seedlings, shading and weekly irrigation had better vigour of growth than fortnightly and open sun (unshaded) treatments. Mycorrhizal inoculation of oil palm seedlings, shade and weekly irrigation are recommended. These treatments enhanced vigour, growth and reduce mortality of oil palm seedlings in the nursery in the dry season.
